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Cold	  Neutron	  Source	  Development	  	  
•  Goal:	  cool	  the	  neutron	  MB	  spectrum	  towards	  5K	  

•  Moderator	  Material	  
–  Large	  inelasFc	  scaGering	  (H,	  D,	  O)	  
–  Small	  neutron	  absorpFon	  (D,	  O)	  

•  Geometry	  
–  Enhance	  efficiency	  of	  thermal	  neutron	  flux	  trap	  (C,	  D2O,	  
nano-‐parFcles)	  

–  Enhance	  efficiency	  of	  extracFon	  of	  moderated	  cold	  
neutrons	  (grooved	  moderator,	  hybrid	  moderators)	  

•  High	  power	  requirement	  
–  Cooling	  1MW	  target	  (sub-‐cooled	  He)	  



ExisFng	  Cold	  Neutron	  ScaGering	  Kernels	  



ExisFng	  Cold	  Neutron	  ScaGering	  Kernels	  



•  Incoherent	  ElasFc	  (easy)	  
•  Coherent	  ElasFc	  (OK)	  
•  Incoherent	  InelasFc	  (easy)	  
•  Coherent	  InelasFc	  (hard!)	  



Cold	  Neutron	  ScaGering	  Kernel	  (using	  NJOY)	  
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Other	  approximaFons:	  
Short-‐Collision-‐Time	  Approx.,	  Diffusion	  &	  Free-‐
gas	  translaFon,	  Discrete	  oscillators	  

Density	  of	  States	  



•  Be	  
•  hcp	  labce	  



Liquid	  H2	  



Liquid	  D2	  



Incoherent	  ApproximaFon	  

•  Inc.	  Approx.	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Semi-‐ab	  iniFo	  calculatoin	  



11 Higher saturation temperature! 



Solid Oxygen as a UCN Source	  

•  Electronic	  spin	  S=1	  in	  O2	  molecules.	  
•  Nuclear	  spin	  =	  0	  in	  16O	  
•  Collinear	  AnF-‐ferromagneFc	  in	  2-‐D	  

–  α-‐phase,	  T	  <	  24K.	  

UCN	  Produc5on	  in	  alpha	  S-‐O2	  
•  Produce	  UCN	  through	  magnon	  excitaFons.	  

–  MagneFc	  scaGering	  length	  ~	  5.4	  fm.	  	  

•  Null	  incoherent	  scaGering	  length.	  
•  Small	  nuclear	  absorpFon	  probability.	  
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Stephens & Majkrzak, PRB 33, 1 (1986)	


⇒  A very large source 
possible.	


σcoh =4.232 barn,	  σinc = 0 barn,	

σabs = 0.0001 barn	  



InelasFc	  neutron	  scaGering	  data	  
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Calculations 

Spin self-energy is  
very strong along the 
direction of spin 
alignment!  

Jnn=-‐2.44	  meV	  
Jnnn=-‐1.22	  meV	  

D=0.6	  	  meV	  (updated)	  
D’=0.1	  meV	  





UCN	  ProducFon	  &	  UpscaGering	  Cross	  SecFons	  
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Effective CN mfp = 12.5 cm 



Combined	  analysis	  
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3 free parameters  
•  rescale factor 
•  upscattering scale 
•  UCN elastic mfp  

Monte-Carlo study with multivariable fit  
to the data from 3 cells of different size. 

C.-‐Y.	  Liu,	  et.	  al.,	  submiGed	  to	  Phys.	  Rev.	  Le+.,	  March	  2011	  



UCN	  ExtracFon	  
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A. Frei et al., arXiv:1006.2970v1 

Vertical extraction (side) 

Yellow:	  extracFon	  surface	  



Phase	  II	  Structure	  of	  Solid	  Methane	  

        Below 20 K 
¼ of the CH4 are free rotors  
¾ are hindered rotors  

           Above 20K 
All sites are free rotors 

CH4 is the brightest-known 
cold neutron moderator 
(BUT not useable at high  
power sources due to rad  
damage) 



S(q,omega)	  for	  CH4	  	  

Free Rotational  modes Tunneling, Librational  modes 
Yun Shin developed a new MCNP kernel for CH4 at various 
temperatures (including below 20K, in phase II) and used in with 
MCNP to reproduce the observed LENS n spectrum (in NIM) 



Summary	  

•  Need	  to	  expand	  the	  library	  of	  scaGering	  
kernels	  to	  opFmize	  cold	  neutron	  sources.	  

•  Take	  INS	  data	  (high	  resoluFon,	  CN	  +	  thermal)	  
(+	  total	  cross-‐secFon	  measurement)	  to	  
streamline	  producFon	  of	  ENDF-‐VI	  files,	  
needed	  for	  the	  above	  task.	  


